Racial disparities in access to renal transplantation exist, but the effects of race and socioeconomic status (SES) on early steps of renal transplantation have not been well explored. Adult patients referred for renal transplant evaluation at a single transplant center in the Southeastern United States from 2005 to 2007, followed through May 2010, were examined. Demographic and clinical data were obtained from patient's medical records and then linked with United States Renal Data System and American Community Survey Census data. Cox models examined the effect of race on referral, evaluation, waitlisting and organ receipt. Of 2291 patients, 64.9% were black, the mean age was 49.4 years and 33.6% lived in poor neighborhoods. Racial disparities were observed in access to referral, transplant evaluation, waitlisting and organ receipt. SES explained almost one-third of the lower rate of transplant among black versus white patients, but even after adjustment for demographic, clinical and SES factors, blacks had a 59% lower rate of transplant than whites (hazard ratio = 0.41; 95% confidence interval: 0.28-0.58). Results suggest that improving access to healthcare may reduce some, but not all, of the racial disparities in access to kidney transplantation.
Introduction
The 1972 enactment of legislation declaring end-stage renal disease (ESRD) patients as disabled provided the ESRD population with near-universal entitlement to Medicare coverage for both dialysis and transplantation. However, provision of Medicare coverage for ESRD did not eliminate reduced access to renal transplantation among different socioeconomic and racial groups (1, 2) . The reasons for these disparities are multifactorial, and occur both inside and outside of the healthcare arena (3) . Increasing evidence suggests that poverty plays a role, and that transplant access is influenced by the socioeconomic status (SES) of a patient's local environment (1,4-6) above and beyond individual-level SES. In the Southeastern United States (US), the interplay between race and SES is particularly apparent, where black ESRD patients living in the poorest neighborhoods have been documented as 67% less likely to be placed on the deceased donor waiting list compared to whites in poor neighborhoods (6) .
Because the deceased donor transplant process starts months to years before a patient may be waitlisted, focusing on earlier steps of the transplant process, such as renal transplant referral and evaluation, may better inform intervention efforts to improve equity (7) . National surveillance systems currently do not capture data on transplant referral and evaluation. It is unclear whether the racial disparities observed in waitlisting and transplant receipt are due to disparities that occur prior to referral and evaluation, in between referral and waitlisting, or both, and whether SES plays a role. Several regional studies have documented racial disparities in earlier steps of transplant access (8) (9) (10) (11) (12) . However, not all of these studies examined the role of SES; those that did either lacked individual measures of SES or used zip code-level measures of neighborhood poverty, which may have inadequately estimated the effect of SES on racial disparities. Examining data from a single transplant center provides more granularity in SES data to address these prior limitations. In particular, since the source population of patients from the Southeastern United States has a higher concentration of poverty (13) and majority African American ESRD population (14) , we have greater power to examine race and SES disparities in early steps of the kidney transplant process. The purpose of this study was to determine whether racial disparities exist in kidney transplant referral, evaluation, waitlisting and deceased donor transplantation among adult, ESRD patients referred to a single transplant center in the Southeastern United States, and to determine the role of SES barriers that affect the rate of completion of each transplant step.
Materials and Methods

Data sources
Basic demographic and clinical data were obtained from the Emory University Hospital's hardcopy and electronic medical records. The patient data were linked to the United States Renal Data System (USRDS) surveillance data to obtain patient demographic and clinical information at the time of ESRD start. Follow-up data on evaluation, waitlisting and receipt of renal transplant were obtained from patient records and the United Network for Organ Sharing (UNOS) files on waitlisting sequence and transplant. The patient residential address was geocoded and assigned a census tract using ArcGIS 9.2. Data on neighborhood poverty were obtained from the American Community Survey 2005-2009 by patient census tract (15, 16) .
Study population
A total of 2821, incident, adult (age >18 years) ESRD patients were referred to the ETC's kidney transplant program for evaluation from 2005 to 2007. Patients were excluded from the study if their home address was missing or listed as a P.O. Box (n = 6) or if they lived outside of the Southeast (Alabama, Florida, Georgia, North Carolina, South Carolina or Tennessee) region (n = 79). Due to limited sample size, this study was restricted to patients who reported race as either black or white; patients with 'other' race or 'Hispanic' ethnicity were excluded (n = 174). Patients with no USRDS record were excluded (n = 152) due to lack of information about baseline characteristics. Patients who were listed at other transplant centers prior to referral to ETC (n = 119) were excluded. A total of 2291 patients referred to the ETC were included in the final study population (Figure 1 ).
Outcome variables
The primary outcome was time (in days) from ESRD start to receipt of deceased donor renal transplant. We also examined several distinct steps in access to transplantation: (1) ESRD to referral, (2) referral to evaluation start, (3) evaluation start to completion and (4) waitlisting to receipt of deceased donor transplant. We defined evaluation completion as the date a patient completed standard evaluation requirements and the transplant team determined waitlisting eligibility. Waitlisting was defined as the date a patient was listed as either status 7 (inactive) or status 1 (active) on the UNOS waiting list.
Patient outcome data were ascertained from ETC through May 2010, and confirmed with USRDS data through September 30, 2009 , the most recent data available. High agreement between ETC and USRDS data was observed among waitlisting (91.3%; Cohen's kappa = 0.82) and transplant (94.5%; Cohen's kappa = 0.84) outcomes. When discrepancies were observed, the earlier date for the outcome was used. For all time to event analyses, patients were censored at death (n = 214), living donor transplant (n = 115), or end of the study (May 31, 2010) . Patients were also censored at the date they were listed at another center (n = 189), or when the patient was removed from the list due to deterioration in medical condition, transfer to another center, or other reasons (n = 15). Patients who were referred (n = 535), waitlisted (n = 160) or transplanted (n = 60) prior to starting dialysis were assigned a time of 1 day for the time to event of interest.
Primary explanatory variable
The primary exposure variable for all analyses was self-reported race (black or white), based on data collected from the ETC at the time of renal transplant evaluation.
Patient-level covariates
Patient characteristics at the time of transplant referral were obtained from patient EMRs and included sex, patient address, etiology of ESRD (diabetes, hypertension, glomerulonephritis, or other) and BMI > 35 kg/m 2 . To obtain information about a patient's health status at the start of ESRD and for patients who were referred but did not start the evaluation, patient data were obtained from the USRDS medical evidence form (CMS 2728 form), given to all patients at the initiation of dialysis. Demographic data included patient age at dialysis start and clinical variables included predialysis erythropoiesis-stimulating agent (ESA) use (yes/no), hemoglobin (<11 g/dL vs. ≥ 11 g/dL), serum albumin (< 3.5 g/dL vs. ≥ 3.5 g/dL), cardiovascular disease (defined as history of congestive heart failure, ischemic heart disease, cardiac arrest, myocardial infarction, cardiac dysrhythmia, pericarditis or cerebrovascular disease), tobacco use (yes/no), or history of cancer (yes/no) at dialysis initiation. Reasons for incomplete evaluation, as reported by the Director of the ETC Kidney Transplant Program, were abstracted from patient records and included incomplete evaluation requirements, medical contraindication, financial or insurance reasons, patient choice, psychosocial, referred elsewhere, died, or unknown. For waitlisted patients, we examined blood type (A, B, AB or O), peak panel reactive antibody (PPRA) (0, 1-19.9% and ≥ 20%) and inactive listing (UNOS status 7) at the start of waitlisting (yes/no).
We defined individual SES using several variables: health insurance, highest education and employment status. We also examined the role of distance to transplant center as a proxy for access to care. Health insurance was categorized as private (employer), public (Medicare or Medicaid), other coverage, or no coverage. Patients with more than one type of insurance were categorized as employer if employer was listed anywhere in coverage type, and patients with Medicaid and other insurance were categorized as Medicaid. Additional SES data on education (less than high school degree, completed high school, some college, completed college, or unknown) and employment status (employed or full-time student, unemployed or disabled, or retired), were documented by two to three transplant coordinators over the period of the study and were abstracted from the psychosocial evaluation and history and physical notes from patient EMRs; these data were only available for patients who started the transplant evaluation process.
Neighborhood-level covariates
Using patient residential address at the time of transplant referral, we estimated neighborhood SES with 2005-2009 American Community Survey data on the proportion of individuals residing below the federal poverty line within a patient's residential census tract. We categorized neighborhood poverty a priori as (0-4.9%, 5-9.9%, 10-14.9%, 15-19.9% and ≥20%). Rural Urban Commuting Area (RUCA) codes were obtained from the Community Health Status Indicators Project and considered a proxy for neighborhood-level access to care.
Data analysis
Differences in the means and proportions of patient demographic and clinical characteristics by race were examined using chi-square tests and t-tests (or nonparametric equivalents of the t-test). To examine whether racial differences exist in the time to deceased donor transplant, we examined the rate of completion of each intermediate step from dialysis start to patient referral, referral to evaluation start, evaluation start to completion and waitlisting to transplant receipt among patients who completed the prior step using Kaplan-Meier estimation methods and the log-rank test for significance.
Prior to model assessment, all covariates and interaction terms were entered into an initial model to assess for covariate collinearity. To assess whether racial disparities varied across SES for each outcome, we examined interactions between race and each SES in multivariable Cox models using the likelihood ratio test to assess significance (17) . To assess whether SES explained the racial differences in access to each transplant step, we examined sequential Cox models. We quantified the proportion of the effect of reduced access to each transplant step among black versus white patients explained by specific factors of interest using the equation (HR crude − HR adjusted )/(HR crude − 1.0).
For all multivariable-adjusted models, both patient-and census tract-level variables were considered as potential confounders. We used the robust sandwich variance estimator with census tract as the cluster variable to examine neighborhood poverty and individual level covariates simultaneously, while also accounting for potential correlation of patients within neighborhoods (18) . We also controlled for time due to the introduction of an incenter education program that was implemented in September 2007 at the ETC. We evaluated confounding by comparing meaningful changes in point estimates from a full model containing all a priori covariates to all other potential models (19, 20) and by examining causal graphs to examine intermediate pathways between race, SES and transplant access (21, 22) . In multivariable analyses, we used the Markov Chain Monte Carlo method for multiple imputation methods for missing covariate information (23). SAS 9.2 was used for all statistical analyses. ArcGIS 9.2 was used for geocoding, spatial joining and calculating distance from patient residence to the ETC. For all analyses, twotailed p < 0.05 was considered statistically significant. This study protocol was approved by the Emory IRB.
Sensitivity analyses
In Cox models, we assumed that censoring due to death and living donor transplant was an independent, rather than random, censoring event and calculated cause-specific hazard ratios (HR) and 95% confidence intervals (CI) for deceased donor transplant. However, we considered these events in a competing risk model by examining how the effect of race changed when we considered that all patients who were censored due to death and living donor transplant either received or did not receive a deceased donor transplant.
Results
Study population characteristics
Among the 2291 adult (> 18 years) incident ESRD patients referred for transplant, the mean age at ESRD start was 49.4 ± 13.9 years, 64.9% were black, 57.3% were male, 33.6% lived in impoverished communities and 16.1% had no health insurance coverage (Table 1) . Compared to whites, a greater proportion of black patients were younger (47.4 years vs. 53.1 years), female (45.3% vs. 38.0%) and had hypertension as the primary cause of ESRD (37.2% vs. 20.3%, p < 0.005). Black patients had reduced prevalence of cardiovascular disease (38.9% vs. 45.8%, p = 0.0013) compared to whites. In addition, blacks were more likely to have lower serum albumin (<3.5 g/dL), lower hemoglobin (<10 g/dL) and lower predialysis ESA use than whites (p<0.01 for all comparisons).
Racial differences in access to renal transplant steps
Among all patients eligible to progress to the next transplant step, a greater proportion of white versus black patients proceeded in starting the evaluation, waitlisting and receiving a transplant (p < 0.05), but no significant racial differences were observed in evaluation completion. Figure 2 , panel A shows the racial differences in access to each transplant step among those who completed the prior step.
Among the 2291 patients referred to the ETC, only 54.7% of patients came to the first evaluation appointment. A greater proportion of black versus white patients did not start the evaluation (48.5% vs. 39.4%, p < 0.0001). Most (91.3%) patients completed the standard requirements for the transplant evaluation. Reasons for not completing the evaluation were comparable among racial groups with the exception of "incomplete evaluation requirements", where black patients were significantly more likely to have incomplete requirements than white patients (45.7% vs. 17.9%) and have psychosocial reasons reported as a reason for not completing the evaluation process (10.0% vs. 0%) (Figure 1 ; p < 0.0001 for both comparisons).
A total of 733 patients (64.1% of patients who completed the standard evaluation requirements) were placed on the deceased donor waiting list. Among those waitlisted, 414 (56.4%) were inactive at some point during follow-up, with a median time inactive of 260 days (interquartile range [IQR]: 72, 585). Among those inactive, nearly half (46.8%) were first listed as inactive, with an additional 28.2% of patients inactive at some time after active listing ( Figure 1) . A greater proportion of inactive patients were black (68.1%) than white (40.8%) (p = 0.0283). Among all listed patients, 177 (24.1%) received a deceased donor transplant during the study period.
Racial differences in the duration of time patients remained in each transplant step were also observed ( Figure 2, panel B) . The overall median time from transplant referral to deceased donor transplant was 743 days (IQR: 453, 977) for whites and 1,096 days (IQR: 741, 1385) for black patients. The greatest racial differences were observed from ESRD start to referral and once a patient was placed on the waiting list ( Figure 2, panel B) .
Role of SES in racial differences to transplant access
Socioeconomic differences by race were also observed. For example, 19.2% of blacks and 10.3% of whites had no health insurance at the time of dialysis initiation, and black ESRD patients were twofold more likely to live in poor neighborhoods compared to white patients (Table 1 ; p < 0.0001 for both comparisons). Of those who did not have health insurance at the start of ESRD, the mean age was 41.8 years, the majority (77.6%) were black and 42.1% lived in neighborhoods where >20% of the census tract lived below the federal poverty line (data not shown).
SES measures for insurance, education, employment, distance, neighborhood poverty and degree of rurality were independently associated with completing several transplant steps, and there was a general trend of higher SES at each progressive step of the transplant process. For example, 43.8% of referred patients had private insurance (Table 1 ), but this increased to 56.8% of those who started the evaluation, 57.9% of those who completed the evaluation, 69.4% of those waitlisted and 74.0% of those who received a transplant ( Table  2 ).
In multivariable Cox models, we found no statistically or clinically significant interactions between race and any SES measure. Table 3 shows the multivariable sequential modeling results. Overall, demographic and clinical factors explained 20.8% of the reduced transplant rate among blacks versus whites, and individual and neighborhood SES factors explained 30.6%. The degree to which demographic, clinical and SES factors explained racial disparities varied at each transplant step. SES factors accounted for 26.9% and demographic and clinical factors 16.4% of the lower rate of referral among blacks versus whites, but accounted for little to none of the disparities observed in the rate of starting the transplant evaluation once referred. Once waitlisted, clinical, demographic and clinical factors explained more than half (55.8%) of the reduced transplant rate among black versus white patients, and clinical and demographic factors (38.4%) explained a greater fraction of the disparity than SES factors (30.4%). However, large racial differences persisted even after adjustment for clinical, demographic and SES factors (Table 3) .
Sensitivity analyses
A total of 656 patients were censored during the study period, 115 (9.2%) were censored after receiving a living donor transplant and 541 (23.6%) died. Racial differences were evident among the population of patients who received a living donor transplant (69.6% white, 30.4% black recipients, p < 0.0001), representing 16.4% of the white but only 4.6% of the black ESRD study population. Compared to the study population, a greater proportion of living donor recipients lived in wealthy neighborhoods, had private insurance, were employed and lived in rural areas (p < 0.05 for each comparison). Racial differences were also apparent in the proportion of patients who died during the follow-up, where 27.7% of whites and 21.4% of blacks died (p = 0.0007). In sensitivity analyses that examined the competing risk of living donor transplant, there were similar racial disparities in each transplant step. When all patients who received a living donor transplant were considered as having a transplant, the probability of receiving a transplant at any given time after referral was 64% lower among black versus white patients (HR = 0.36; 95% CI: 0.27-0.47). Results for other transplant steps were within 10% of the main analysis.
Discussion
Black ESRD patients evaluated at a large transplant center in the Southeastern United States have reduced access to renal transplantation, where black patients are 59% less likely to receive a transplant at any given time compared to white patients. Individual-and neighborhood-level SES factors explained 30.6% of the reduced rate of transplant among black versus white patients, but substantial racial disparities persisted in several steps of the renal transplant process even after accounting for demographic, clinical and SES factors, particularly in referral for transplant and the rate of transplantation among waitlisted patients. The results of this study suggest that improving access to healthcare may reduce some, but not all of the racial disparities observed in access to kidney transplantation.
Previous studies have also documented racial disparities in access to transplant referral and evaluation completion. In a study of dialysis patients in Indiana, Kentucky and Ohio, Alexander et al. (8) reported that black patients were less likely to be interested in transplant, complete the pretransplant workup and move up a waiting list compared to white patients. Other studies have reported that blacks complete the transplant evaluation process slower (11) and are less likely to be rated as appropriate candidates for transplant even after evaluation compared to white patients (12) .
The disparities observed between racial and ethnic groups are not entirely explained by clinical or biologic factors, and SES has been hypothesized to play a role (8, 24, 25) . Schold et al. recently reported that racial disparities observed in a population of patients referred for renal transplantation in Florida are largely explained by SES, as measured by health insurance and county income (26) . In contrast, Hall et al. reported that racial disparities in access to waitlisting were somewhat attenuated after adjusting for SES, where health insurance coverage and zip code poverty explained 21% of the reduced rate of waitlisting among black patients in the United States. However, once a patient was waitlisted, SES accounted for little if any of the racial disparities (1) . Similarly, in our study, SES as measured by more sensitive SES measures accounted for 30.6% of the reduced rate of transplant but SES did not entirely explain the racial disparity observed in access to renal transplant. Additionally, even though black patients in our study had lower SES on average, the racial disparity in transplant access was consistent across levels of SES.
There are several potential explanations why racial disparities that are unexplained by demographic, clinical and SES factors measured in this study exist in early steps of the renal transplant process. Racial bias may partially explain why black patients have reduced access to transplant compared to white patients (3,27,28). Klassen et al. examined the role of racial discrimination among adult renal transplant eligible patients in hemodialysis centers in Baltimore, finding that patients who reported a lifetime experience of racial discrimination experienced reduced access to waitlisting (29) . Variations in referral for transplant at the referring provider or dialysis facility level may also account for the observed racial differences. Prior research suggests that a small number of providers may account for the racial differences in the quality of patient care (30, 31) . Limited access to healthcare may disproportionately affect minority patients (3) and if not adequately measured, could explain some of the observed racial disparity. In a recent study, Prakash et al. found that as the percentage of black patients in a neighborhood increases, the likelihood of access to pre-ESRD nephrology care decreases (32) . Compared to whites, black ESRD patients in our study population were more likely to lack insurance coverage, have a lower prevalence of predialysis ESA use, and more anemia and hypoalbuminemia at incident ESRD, all of which are proxies for early access to healthcare and may portend poorer health status at time of referral for evaluation. We also used neighborhood poverty, degree of rurality and distance to transplant center as proxies for access to care, but perhaps better measures of healthcare quality and accessibility could explain some of the observed racial differences in access to kidney transplantation.
Our study has several strengths. The racial distribution of our study (61% black) provides us with ample study power to examine racial differences in access to each step of the renal transplant process. Follow-up data for this analysis was validated using USRDS-linked with UNOS data to capture virtually all waitlist and transplant outcomes, thus limiting selection bias due to loss to follow-up. We assessed SES using both individual-and neighborhoodlevel measures, which permitted the evaluation of poverty in a multilevel framework. The use of census data to estimate neighborhood SES, as opposed to zip code data, is more sensitive (33) . National studies that examine access to the deceased donor waitlist and transplant receipt typically include all dialysis patients, even though some may have medical comorbidities that preclude them from transplantation (9) . Since 30% of dialysis patients may be medically ineligible for renal transplantation, an examination of racial disparities among referred patients is preferred (29) . We examined the proportion of patients progressing to each step based on the number of patients completing the prior step, rather than including all dialysis patients.
Limitations to our study should be noted. Our study was conducted at a single transplant center and results may not be generalizable to all ESRD patients. For example, the racial disparities observed in the Southeast may be more pronounced. In our study, which took place over a median follow-up of nearly 4 years, black patients comprised 56% of the waiting list but only represented 44% of those transplanted. However, on a national level, blacks received 33.4% of all deceased donor transplants, nearly equivalent to their waiting list proportion (34.1%) (34) . At this time, the assessment of factors which impact transplant referral and evaluation are not captured in national surveillance databases but these data are important to better understand disparities in the continuum of the transplant process in other regions throughout the United States. Regional and geographic differences between the Southeast and other regions may also limit generalizability of these findings, such as differences in care for ESRD patients (35) , average transplant waiting times (36), or transplant center characteristics (37).
Although our study adjusted for demographic, clinical and SES factors, there may be unmeasured factors unaccounted for in our analyses, such as changes in health status. Information on the reasons a patient had incomplete evaluation requirements or inactive waitlisting was not available in our study and could explain part of the observed racial disparity. This study was retrospective in nature and the causal pathway between SES and racial disparities cannot be discerned. In addition, the source population of ESRD patients eligible for transplant in this study is not known. Our results may underestimate racial disparities if the rate of referral is higher among whites versus blacks. Additionally, we were unable to determine if dialysis facility factors contributed to the observed racial disparities; it would be helpful to collect national data on referral and evaluation rates by dialysis facility to identify center practice variations and target interventions to improve equitable access to transplant.
To our knowledge, this is the first study to examine race and both individual-and census tract-level SES in access to each step of the renal transplant process. We found that racial disparities are evident in several steps of the renal transplant process, and that while SES explained some of the racial differences, black patients had a 59% lower rate of transplant than white patients even after accounting for demographic, clinical and SES factors. This suggests that improving access to care for patients may help reduce some, but not all, of the racial disparities in access to transplant. Efforts to improve equity in access to renal transplantation may need to focus on earlier steps of transplant access, in addition to the waitlisted population. Flow diagram of study inclusion criteria and follow-up status.
Figure 2. Racial differences in transplant step completion and duration
Panel A shows the proportion of eligible patients completing each transplant step. Among all patients referred, 60.6% of whites and 51.5% of blacks started the evaluation; among all those who started the evaluation, 92% of white and 90.8% of blacks completed the evaluation process. Among patients who completed the evaluation requirements, 71.0% of white and 59.6% of black patients were placed on the deceased donor waiting list. Among waitlisted patients, 30.0% of whites and 18.1% of black patients received a deceased donor transplant during follow-up. Racial differences were also observed in the median time to completion for each step (panel B). Differences in the time to referral and time from referral to evaluation were evident. The greatest racial differences were observed in the final step, waitlisting to transplantation. *p < 0.001. 
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Columns do not add up to the study population due to missing data on education for patients who started the evaluation (n = 29); patients who completed the evaluation (n = 28), patients waitlisted (n = 12) and patients transplanted (n = 3).
Am J Transplant. Author manuscript; available in PMC 2014 March 12. Step , low hemoglobin (<10 g/dL) and blood type; Model 3 adjusts for health insurance, education, distance to center, degree of rurality and census tract poverty; Model 4 adjusts for all covariates included in both model 2 and model 3.
2 Model 2 adjusts for the following covariates: age, sex, etiology of ESRD, cardiovascular disease, BMI > 35, ESA use, hypoalbuminemia (<3.5 g/ dL), low hemoglobin (<10 g/dL), inactive waitlisting (yes/no), blood type and PRA. Model 3 adjusts for health insurance, education, distance to center, degree of rurality and census tract poverty; model 4 adjusts for all covariates included in both model 2 and model 3.
